Introduction
Himalayas suggested that the EPL sources can be from local anthropogenic activities 64 as well as long-range transport (Padmakumari et al., 2013 ). An EPL at altitudes above 65 10 km was also observed over Europe due to long-range transport, which originated 
82
The increase of PM2.5 during haze events could be rapid in Beijing. Sometimes the The objective of this study is to investigate the formation mechanism of the EPL and 98 its impacts on ground aerosol mass concentration and composition, using both ground 99 and aircraft observations, and., and provide an in-depth insight to the high-level 100 regional transport process. Findings of this study would guide the air quality 101 management strategies in the North China Plain. Baoding area and performed vertical profiles in step levels of 300m (from 2700 to 600 133 meters). Meanwhile, the KingAir-350 performed the vertical profiles over Beijing.
134
Before taking off, all instruments were operated for 1-2 hours to measure aerosols on information of vertical profiles in this study is summarized in Table 1 . 
Instruments on the aircraft

146
In this study, the aerosol number concentration, size distribution and chemical and PCASP showed high consistency (Fig. S1 ). Beijing (Fig. 2a) . The EPL is defined as the layer at which an increase of aerosol the concentration of the entire atmospheric column was low the day before (Fig. 3f) .
210
The EPL observed in this study was thus unlikely to be importantly contributed by consistent with the PBL height from the lidar retrieval (Fig. 3a) . There was usually a 227 temperature inversion at the top of the PBL to depress the EPL mixing to the free 228 troposphere (Fig. 2b) . The water mixing ratio in Nov. 15 th morning also showed a 229 significant increase in the EPL (Fig. 2c) .
230
The vertical measurement over Baoding area (150 km southwest of Beijing) was The EPL observed by lidar was also captured by aircraft measurements. In addition, 251 the nocturnal EPL in Nov. 14 th was formed outside the PBL (Fig. 3a) . Before the EPL 252 formation at Nov. 14 th midnight, the aerosol concentrations were significantly low 253 throughout the atmospheric column. After 9:00 AM Nov. 15 th , the PBL height 254 increased rapidly. When the PBL height reached to ~1.7 km at noontime, the 255 pollutants of the EPL were mixed with the developed PBL. The vertical wind 256 direction profile also showed notable downward mixing during that time (Fig. 3c) .
257
The air mass forward trajectories in Nov. 14 th were calculated by using the HYSPLIT The wind profiles were consistent with synoptic pattern. Fig. 4 showed that in Nov. 15 which showed a convergence of upward and downward air flow at ~1600m in early 290 morning of Nov. 15 (Fig. 3c) . Such balance between upward and downward wind may 291 maintain the pollutants transported from the southwest within the EPL. In addition,
292
we have also found out two more EPL events using Lidar measurement in 2016 Nov.
293 21 th and Nov. 29 th (Fig. S6 ). These two EPLs are found to be also associated with 294 southwest synoptic air flow at the height where EPL occurred (Fig. S7) . Therefore, it
295
can be concluded that our observations in this study could be a general feature for the 296 vertical profile over the NCP region. 
Ground measurements
302
The ground meteorological parameters and PM2.5 during the observation period are 303 shown in Fig. 3(d-f) . In the morning of Nov. 14th, strong northwest wind brought 304 clean air to Beijing and PM2.5 concentration was significantly reduced. The wind 305 speed was then decreased and pollutants began to increase. As shown in Fig. 3(f) , the extended to the surface layer in Nov. 15 nighttime (Fig. 3c) , compressing fresh 331 emissions near the surface and leading to a rapid growth of primary pollutants.
332
In addition, through past decades efforts of environmental management and control, at 15:00 (Fig. 5b) . Consistent with the downward wind direction after EPL formation
341
( Fig. 3c) , the SO2 containing in the EPL may have contributed to the elevated surface 342 SO2 concentration after the pollutants in the EPL was vertically mixed downwards. In 343 addition, the air mass back trajectories also displayed a distinct downward motion 344 from ~1600m to surface during the SO2 increasing period (Fig. S4) . PBL was more homogenous in the afternoon at ~15:00 (Fig. 6b) (Fig 2a) . 
